Similarities of the primary charge seperation in the photosynthesis of Rhodobacter

sphaeroides and Rodopseudomanas viridis by Dressler, K. et al.
Μ-Ε. Michel-Beyerle (Editor) 
Reaction Centers 
of Photosynthetic 
Bacteria 
Feldafing-II-Meeting 
With 165 Figures 
Springer-Verlag Berlin Heidelberg NewYork 
London Paris Tokyo Hong Kong Barcelona 
Contents 
P A R T I Native Reaction Centers: Structure and Spectroscopy 
F. R E I S S - H U S S O N , B. A R N O U X , A. D U C R U I X , M. R O T H , M. P I C A U D 
and C . A S T I E R : 
Reaction Center from Wild Type Y Rhodobacter sphaeroides: 
Primary Structure of the L and Μ Subunits; 
Carotenoid and Detergent Structures in the Three-Dimensional Crystals 3 
Q. Z H O U , T . A. M A T T I O L I and B. R O B E R T 
Probing Reaction Center Asymmetry Using Low Temperature 
Absorption Spectroscopy of Rhodobacter sphaeroides 
Reaction Centers Containing Bacteriophcophytin Anions 11 
A. V E R M E G L I O , D. G A R C I A and J . B R E T O N 
Cytochrome Arrangement in Reaction Centers of Different Species 
of Photosynthetic Bacteria 19 
W. M Ä N T E L E , M. L E O N H A R D , Μ. B A U S C H E R , Ε. N A B E D R Y K , 
J. B R E T O N and D.A. MOSS 
Infrared Difference Spectroscopy of Electrochemically Generated 
Redox States in Bacterial Reaction Centers 31 
E . J . L O U S , M. H U B E R , R . A . I SAACSON and G . F E H E R 
E P R and E N D O R Studies of the Oxidized Primary Donor in Single 
Crystals of Reaction Centers of Rhodobacter sphaeroides R-26 45 
F . L E N D Z I A N , B. E N D E W A R D , Μ. P L A T O , D. B U M A N N , W. L U B I T Z 
and K . MÖBIUS 
E N D O R and T R I P L E Resonance Investigation of the Primary Donor 
Cation Radical P £ 6 5 in Single Crystals of Rhodobacter sphaeroides 
R-26 Reaction Centers 57 
A . A N G E R H O F E R , J . G R E I S , V . A U S T , J . U . V O N S C H Ü T Z and H . C . W O L F 
Triplet State A D M R of Bacterial Reaction Centers at Low Transition 
Frequencies 69 
S. B U C H A N A N and H. M I C H E L 
Investigation of Quinone Reduction in RhodoPseudomonas viridis by 
F T I R Difference Spectroscopy and X - R a y Diffraction Analysis 75 
D . L . T H I B O D E A U , J . B R E T O N , C B E R T H O M I E U , K . A . B A G L E Y , 
W. M Ä N T E L E and E . N A B E D R Y K 
Steady-State and Time-Resolved F T I R Spectroscopy of Quinones in 
Bacterial Reaction Centers 87 
VII I 
P A R T II Native Reaction Centers: E l e c t r o n T r a n s f e r D y n a m i c s 
G . J . S M A L L , R. J A N K O W I A K , M. S E I B E R T , C F . Y O C U M and D. T A N G 
Spectral Hole Burning Studies of Photosystem II Reaction Centers: 
Excited State Structure, Charge Separation and Energy Transfer Dynamics 101 
C K I R M A I E R and D. H O L T E N 
Evidence for an Inhomogeneous Distribution of Reaction Centers 
on the Timescale of the Primary Electron Transfer Events 113 
U . F I N K E L E , K . D R E S S L E R , C L A U T E R W A S S E R and W. Z1NTH 
Analysis of Transient Absorption Data from Reaction Centers of 
Purple Bacteria 127 
K . D R E S S L E R , U . F I N K E L E , C L A U T E R W A S S E R , P. H A M M , 
W. H O L Z A P F E L , S. B U C H A N A N , W. K A I S E R , H. M I C H E L , D. O E S T E R H E L T , 
H . S C H E E R , H . U . S T I L Z and W. Z I N T H 
Similarities of the Primary Charge Separation Process in the 
Photosynthesis of Rhodobacter sphaeroides and Rhodopseudomonas viridis 135 
G . H . A T K I N S O N , H . H A Y A S H I , M. T A S U M I and S. K O L A C Z K O W S K I 
Picosecond Resonance Raman Spectroscopy of Rhodobacter sphaeroides 
Reaction Centers 141 
S.G. B O X E R , D.J . L O C K H A R T , S. F R A N Z E N and S.H. H A M M E S 
Electric Field Modulation of the Fluorescence Lineshape for 
Photosynthetic Reaction Centers: A New Probe of the Primary 
Electron Transfer Mechanism 147 
A. O G R O D N I K , U . E B E R L , R. H E C K M A N N , Μ. K A P P L , R. F E I C K 
and M . E . M I C H E L - B E Y E R L E 
One Step Electron Transfer to P + H " in Reaction Centers of 
Rhodobacter sphaeroides Derived from Dichroic Excitation Spectra of 
Electric Field Modulated Fluorescence Yield 157 
M . G . M Ü L L E R , Κ. G R I E B E N O W and A . R . H O L Z W A R T H 
Energy Transfer and Charge Separation Kinetics in the Reaction Center 
of Chloroflexus auranliacus Studied by Picosecond Time-Resolved 
Fluorescence Spectroscopy 169 
R. F E I C K , J . L . M A R T I N , J . B R E T O N , M. V O L K , G . S C H E I D E L , 
T . L A N G E N B A C H E R , C . U R B A N O , A. O G R O D N I K 
and M . E . M I C H E L - B E Y E R L E 
Biexponential Charge Separation and Monoexponential Decay 
of P+H" in Reaction Centers of Chloroflexus aurantiacus 181 
P. S E B B A N , P. P A R O T , L . B A C I O U , P. M A T H I S and A. V E R M E G L I O 
Analog Effects of Low Temperature and Lipid Rigidity on the 
Distribution of Two Conformational States of the Reaction Centers 189 
IX 
P A R T III Modified Reaction Centers: 
Effects of Mutagenic and C h e m i c a l Modifications 
I. S INNING, J . K O E P K E and H . M I C H E L 
Recent Advances in the Structure Analysis of Rhodopseudomonas 
viridis Reaction Center Mutants 199 
M.M. Y A N G , W.J. C O L E M A N and D C . Y O U V A N 
Genetic Coding Algorithms for Engineering Membrane Proteins 209 
M. H U B E R , E . J . L O U S , R . A . I S A A C S O N , G . F E H E R , D. G A U L 
and C C . S C H E N C K 
E P R and E N D O R Studies of the Oxidized Donor in Reaction Centers 
of Rhodobacter sphaeroides Strain R-26 and two Heterodimer 
Mutants in which Histidine M202 or L I 7 3 was Replaced by Leucine 219 
C C . S C H E N C K , D. G A U L , M. S T E F F E N , S.G. B O X E R , L . M c D O W E L L , 
C . K I R M A I E R and D. H O L T E N 
Site-Directed Mutations Affecting Primary Photochemistry in 
Reaction Centers: Effects of Dissymmetry in the Special Pair 229 
W.W. P A R S O N , V. N A G A R A J A N , D. G A U L , C C . S C H E N C K , 
Z . - T . C H U and A. W A R S H E L 
Electrostatic Effects on the Speed and Directionality of Electron 
Transfer in Bacterial Reaction Centers: The Special Role 
of Tyrosine M-208 239 
K . A . G R A Y , J.W. F A R C H A U S , J . W A C H T V E I T L , J . B R E T O N , 
U . F I N K E L E , C . L A U T E R W A S S E R , W. Z I N T H and D. O E S T E R H E L T 
The Role of Tyrosine M210 in the Initial Charge Separation in the 
Reaction Center of Rhodobacter sphaeroides 251 
H . U . S T I L Z , U . F I N K E L E , W. H O L Z A P F E L , C L A U T E R W A S S E R , 
W. Z I N T H and D. O E S T E R H E L T 
Site-Directed Mutagenesis of Threonine M222 and Tryptophan M252 
in the Photosynthetic Reaction Center of Rhodobacter sphaeroides 265 
W.J. C O L E M A N , E . J . B Y L I N A , W. A U M E I E R , J . S I E G L , U . E B E R L , 
R. H E C K M A N N , A. O G R O D N I K , M . E . M I C H E L - B E Y E R L E and D . C Y O U V A N 
Influence of Mutagenic Replacement of Tryptophan M250 on 
Electron Transfer Rates Involving Primary Quinone in 
Reaction Centers of Rhodobacter capsulatus 273 
S.J. R O B L E S , J . B R E T O N and D . C . Y O U V A N 
Transmembrane Helix Exchanges Between Quasi-Symmetric Subunits 
of the Photosynthetic Reaction Center 283 
J . B R E T O N , J . - L . M A R T I N , J . - C . L A M B R Y , S.J. R O B L E S and D . C . Y O U V A N 
Ground State and Femtosecond Transient Absorption Spectroscopy 
of a Mutant of Rhodobacter capsulatus which Lacks the 
Initial Electron Acceptor Bacteriopheophytin 293 
χ 
N.W. W O O D B U R Y , A . K . T A G U C H I , J.W. S T O C K E R 
and S.G. B O X E R 
Preliminary Characterization of p A T - 3 , a Symmetry Enhanced 
Reaction Center Mutant of Rhodobacter capsulatus 303 
A. S T R U C K , D. B E E S E , E . C M I E L , M. F I S C H E R , A . M Ü L L E R , 
W. SCHÄFER and H . S C H E E R 
Modified Bacterial Reaction Centers: 3. Chemically 
Modified Chromophores at Sites B A , B B and H A , H B 313 
K . W A R N C K E and P . L . D U T T O N 
Effect of Cofactor Structure on Control of Electron Transfer 
Rates at the Q A Site of the Reaction Center Protein 327 
P A R T I V Reaction Centers: Modelling of Structure/Funct ion-Relat ionship 
A. F R E I B E R G and T . P U L L E R ITS 
Energy Transfer and Trapping in Spectrally Disordered 
Photosynthetic Membranes 339 
M.R. W A S I E L E W S K I , G . L . G A I N E S , III , M.P. O ' N E I L , W.A. S V E C , 
M.P. N 1 E M C Z Y K and D. M. T I E D E 
Multi-Step Electron Transfer in Rigid Photosynthetic 
Models at Low Temperature: Requirements for Charge 
Separation and Spin-Polarized Radical Ion Pair Formation 349 
P.O.J. S C H E R E R , W. T H A L L I N G E R and S.F. F I S C H E R 
Electronic Couplings for Light Induced Charge Transfer 
in Covalently Bonded Donor-Acceptor Systems 359 
J . F A J E R , K . M . B A R K I G I A , K . M . S M I T H , E . Z H O N G , 
E . G U D O W S K A - N O W A K and M.D. N E W T O N 
Micro-Environmental Effects on Photosynthetic Chromophores 367 
A. S C H E R Z , J . R . E . F I S H E R and P. B R A U N 
Simulation of the Absorption and Circular Dichroism Spectra 
for the Primary Electron Donor in Reaction Centers of 
Purple Bacteria and Photosystem II 377 
Μ. B I X O N , J . J O R T N E R and M . E . M I C H E L - B E Y E R L E 
On the Primary Charge Separation in Bacterial Photosynthesis 389 
P.O.J. S C H E R E R 
Multiple Excited States of Photosynthetic Reaction Centers 401 
J . V R I E Z E and A . J . H O F F 
Exciton Band Mixing in RhodoPseudomonas viridis 409 
XI 
A . L . M O R R I S , J .R. N O R R I S and M.C. T H U R N A U E R 
A n Extended Model for Electron Spin Polarization in Photosynthetic 
Bacteria 423 
E.W. K N A P P and L . NILSSON 
Can Electron Transfer be Influenced by Protein Dynamics: 
The Transfer from Cytochrome C to the Special Pair in 
Photosynthetic Reaction Centers 437 
Concluding Remarks 
M . E . M I C H E L - B E Y E R L E and H. S C H E E R 
Beyond Native Reaction Centers 453 
Subject Index 464 
Similarities of the Primary Change Separation 
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P h o t o s y n t h e t i c c o n v e r s i o n o f l i g h t i n t o c h e m i c a l e n e r g y s t a r t s v i a a 
s e r i e s o f e l e c t r o n t r a n s f e r r e a c t i o n s i n p i g m e n t - p r o t e i n complexes c a l l e d 
r e a c t i o n c e n t e r s (RC's). The most d i r e c t access t o t h e p r i m a r y r e a c t i o n 
dynamics o f f e r s t i m e r e s o l v e d o p t i c a l s p e c t r o s c o p y . D u r i n g t h e p a s t few 
y e a r s , t h i s t e c h n i q u e has been c o n t i n u o u s l y i m p r o v e d p e r m i t t i n g advanced 
e x p e r i m e n t s w i t h h i g h t e m p o r a l and a m p l i t u d e r e s o l u t i o n . I n t h i s p a p e r , we 
show, t h a t RC's f r o m R h o d o b a c t e r ( R b . ) s p h a e r o i d e s and Rhodopseudomonas 
(Rps.) v i r i d i s e x h i b i t common f e a t u r e s i n t h e a b s o r p t i o n t r a n s i e n t s . T h i s 
p o i n t s t o a s u b s t a n t i a l s i m i l a r i t y o f t h e e l e m e n t a r y m o l e c u l a r p r o c e s s e s . 
T h i s f a c t i s n o t s e l f - e v i d e n t , s i n c e d i f f e r e n t p o l y p e p t i d e s and d i f f e r e n t 
t y p e s o f b a c t e r i o c h l o r o p h y l l s ( B C h l ) and b a c t e r i o p h e o p h y t i n s (BPh) a r e 
p r e s e n t i n v a r i o u s r e a c t i o n c e n t e r s , e.g. BChl a and BPh a a r e e s s e n t i a l 
p i g m e n t s i n t h e r e a c t i o n c e n t e r s o f Rb. s p h a e r o i d e s w h i l e BChl b and BPh b 
a r e a c t i v e i n t h e RC's o f Rps. v i r i d i s . For b o t h r e a c t i o n c e n t e r s x - r a y 
s t r u c t u r e s a r e now a v a i l a b l e /1-3/. I t was shown t h a t t h e p r o s t h e t i c 
g r o u p s and n e i g h b o u r i n g amino a c i d s a r e i n a v e r y s i m i l a r a r r a n g e m e n t : 
most i m p o r t a n t l y a r e two BChl m o l e c u l e s i n c l o s e c o n t a c t w h i c h a c t as t h e 
p r i m a r y e l e c t r o n d onor P. The o t h e r p i g m e n t s a r e a r r a n g e d i n two b r a n c h e s , 
A and B. S t a r t i n g f r o m t h e p r i m a r y d o n o r , t h e s p e c i a l p a i r P, one f i n d s a 
monomeric b a c t e r i o c h l o r o p h y l l ( B ) , a b a c t e r i o p h e o p h y t i n ( H ) , and a q u i -
none (Q) on each b r a n c h . I t was shown t h a t t h e e l e c t r o n t r a n s f e r o c c u r s 
v i a t h e Α - b r a n c h and t h a t a f t e r a b o u t 3 - 4 ps a r a d i c a l p a i r P + H ^ i s 
f o r m e d . A p p r o x i m a t e l y 200 ps l a t e r t h e e l e c t r o n r e a c h e s t h e q u i n o n e Q 
+ - A 
b u i l d i n g t h e i n t e r m e d i a t e Ρ . The r o l e o f t h e monomer i c b a c t e r i o ­
c h l o r o p h y l l B^ i s s t i l l i n d e b a t e / 4 , 5 / . R e c e n t e x p e r i m e n t s on 
Rb. s p h a e r o i d e s have p r o v e n t h e e x i s t e n c e o f a p r e v i o u s l y u n d e t e c t e d 
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Fig.l Transient absorption data for reaction centers from Rb.sphaeroides 
(a,b) and Rps. viridis (c,d). The filled circles represent the experimen­
tal data, the solid lines correspond to model calculations with time 
constants given in the text. The broken lines are calculated without the 
fast (0.9 ps or 0.65 ps, respectively) kinetic. The excitation wavelengths 
are 860 nm and 955 nm for Rb. sphaeroides and Rps. viridis, respect ively. 
0 . 9 ps k i n e t i c . A s t r a i g h t f o r w a r d i n t e r p r e t a t i o n r e l a t e s t h e c o r r e s p o n d i n g 
t r a n s i e n t t o t h e r a d i c a l p a i r P + B ^ > a r e a l i n t e r m e d i a t e f o r m e d p r i o r t o 
P + H A ~ / 6 , 7 / . 
A 
The e x p e r i m e n t s p r e s e n t e d h e r e we re p e r f o r m e d u s i n g t h e e x c i t e and 
p r o b e t e c h n i q u e w i t h weak s u b p i c o s e c o n d p u l s e s ( p u l s e d u r a t i o n b e l o w 
150 f s ) g e n e r a t e d by two d i f f e r e n t l a s e r - a m p l i f i e r s y s t e m s w i t h r e p e t i t i o n 
r a t e s o f 10 Hz. The s a m p l e s were e x c i t e d i n t h e l o w e s t e n e r g y band o f Ρ 
( a t 860 nm f o r R b . s p h a e r o i d e s and a t 955 nm f o r Rps . v i r i d i s ) . P r o b i n g was 
p e r f o r m e d by a 5 nm t o 20 nm w i d e f r a c t i o n o f a f e m t o s e c o n d w h i t e l i g h t 
c o n t i n u u m . E x c i t i n g and p r o b i n g p u l s e s we re p a r a l l e l p o l a r i z e d . The r e a c ­
t i o n c e n t e r s we re p r e p a r e d as d e s c r i b e d i n R e f . / 6 / and / 8 / . They were 
k e p t a t room t e m p e r a t u r e u n d e r s t i r r i n g . 
137 
T i m e - r e s o l v e d a b s o r p t i o n d a t a f o r b o t h t y p e s o f b a c t e r i a a r e shown i n 
F i g . l f o r d i f f e r e n t p r o b i n g w a v e l e n g t h s . The d e c a y o f t h e e x c i t e d e l e c t r o ­
n i c s t a t e o f t h e s p e c i a l p a i r i s s t u d i e d a t λ = 920 nm 
p r 
f o r Rb . s p h a e r o i d e s ( F i g , l a ) and λ ~ 1050 nm f o r Rps . v i r i d i s ( F i g . l c ) . 
B o t h p r o b i n g w a v e l e n g t h s a r e l o c a t e d on t h e l o n g - w a v e l e n g t h s i d e o f t h e Ρ 
a b s o r p t i o n b a n d ( s e e F i g . 2 a and 2 b ) , where t h e p o p u l a t i o n o f t h e f i r s t e x ­
c i t e d e l e c t r o n i c s t a t e i s r e a d i l y d e t e c t e d v i a i t s s t i m u l a t e d e m i s s i o n . As 
shown i n F i g . l a and l c t h e r a p i d l y a p p e a r i n g g a i n d e c a y s w i t h a t i m e c o n ­
s t a n t a r o u n d 3 . 5 p s . Q u i t e d i f f e r e n t i s t h e s i t u a t i o n a t w a v e l e n g t h s c l o s e 
t o t h e a b s o r p t i o n band o f t h e monomer ic b a c t e r i o c h l o r o p h y l l s . He re an a d ­
d i t i o n a l f a s t k i n e t i c component becomes e v i d e n t ( F i g . l b , I d ) . 
I n Rb. s p h a e r o i d e s a t 785 nm ( F i g . l b ) a v e r y f a s t f i r s t a b s o r p t i o n i n ­
c r e a s e a t t i m e z e r o i s f o l l o w e d by a b r i e f r e l a t i v e a b s o r p t i o n d e c r e a s e 
b e f o r e t he a b s o r p t i o n r i s e s a g a i n w i t h 3 . 5 p s . F o r Rps . v i r i d i s one f i n d s 
t h e a d d i t i o n a l f a s t k i n e t i c component q u i t e c l e a r l y a t 820 nm n e a r t h e 
peak o f t h e BCh l a b s o r p t i o n band ( F i g . I d ) . E x t e n s i v e s t u d i e s a t more t h a n 
t w e n t y d i f f e r e n t w a v e l e n g t h s gave t h e f o l l o w i n g numbers f o r t h e t i m e c o n ­
s t a n t s f o r b o t h R C ' s : t h e f a s t e s t p r o c e s s o c c u r s w i t h 0 . 9 ps + / - 0 . 4 ps i n 
Rb. s p h a e r o i d e s and w i t h 0 . 6 5 ps + / - 0 . 3 ps i n Rps . v i r i d i s . The o t h e r 
t i m e c o n s t a n t s a r e 3 . 5 ps + / - 0 . 4 p s , 220 ps + / - 50 ps and i n f i n i t y i n 
b o t h R C ' s . The t r a n s i e n t a b s o r p t i o n measuremen ts a l s o s u p p l y a m p l i t u d e s o f 
t h e v a r i o u s k i n e t i c componen ts w h i c h a l l o w t o c a l c u l a t e d i f f e r e n c e s p e c t r a 
o f t h e c r o s s - s e c t i o n s o f t h e i n t e r m e d i a t e s t a t e s f o r s p e c i f i c s e q u e n t i a l 
r e a c t i o n mode l s / 7 , 9 / . 
The e x p e r i m e n t s c l e a r l y show, t h a t t h e a b s o r p t i o n c u r v e s c a n be d e ­
s c r i b e d w e l l by a m u l t i e x p o n e n t i a l f u n c t i o n w i t h a min imum o f f o u r t i m e 
c o n s t a n t s . As a c o n s e q u e n c e , t h e r e a c t i o n mode l c o m p r i s e s a t l e a s t f o u r 
i n t e r m e d i a t e s t a t e s . However , t h e r e a c t i o n scheme c a n n o t be deduced 
u n i q u e l y f r o m t h e t r a n s i e n t a b s o r p t i o n d a t a . A c e r t a i n r e a c t i o n mode l can 
o n l y be a c c e p t e d i f t h e deduced s p e c t r a o f a l l i n t e r m e d i a t e s t a t e s a r e n o t 
i n c o n t r a d i c t i o n w i t h any o t h e r i n f o r m a t i o n . I n t h e f o l l o w i n g , we d i s c u s s 
two l i n e a r m o d e l s , w h i c h a r e d i s t i n g u i s h e d by t h e i r d i f f e r e n t o r d e r o f t h e 
e a r l y i n t e r m e d i a t e s : 
3 . 5 p s 0 . 9 p s 220ps 00 
Ρ 
1 
-> I 
3 
(mode l A) 
0 . 6 5 p s 
Ρ 
138 
hv 
0 . 9 p s 3 . 5 p s 220ps 
-> I 
1 0 . 6 5 p s 2 
(mode l Β) 
P
+
H T 
The d i f f e r e n c e c r o s s - s e c t i o n s p e c t r a o f i n t e r m e d i a t e s 1 ^ , and 1 ^ do n o t 
depend on t h e s p e c i f i c model A o r B. The s p e c t r u m o f i n t e r m e d i a t e 1^ i s 
d e p i c t e d i n F i g . 2c (Rb. s p h a e r o i d e s ) and F i g . 2d (Rps . v i r i d i s ) . I n t e r m e ­
d i a t e 1^ e x h i b i t s a p r o n o u n c e d a b s o r p t i o n d e c r e a s e on t h e l o n g - w a v e l e n g t h 
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Fig.2 Spectral data for Rb. sphaeroides (a,c,e) and Rps. viridis (b,d,f). 
(a,b) give the absorption spectra, (c,d,e,f) show difference spectra cal­
culated according to model A for the intermediates 
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s i d e o f t h e Ρ a b s o r p t i o n b a n d , w h i c h i s due t o o p t i c a l g a i n f r o m t h e e l e c ­
t r o n i c a l l y e x c i t e d s p e c i a l p a i r P * . E x c i t e d s t a t e a b s o r p t i o n i s s t r o n g 
a r o u n d 800 nm. The s p e c t r a o f t h e i n t e r m e d i a t e I ^ d i f f e r s i g n i f i c a n t l y f o r 
t h e two r e a c t i o n m o d e l s . I n mode l Β t h e i n t e r m e d i a t e I ^ d i s p l a y s t h e same 
s a l i e n t s p e c t r a l f e a t u r e s ( n o t shown h e r e ) as 1 ^ . However , i t s g a i n i s 
r e d u c e d b y 30%, a r e l a t i v e a b s o r p t i o n d e c r e a s e o c c u r s i n t h e Q^ band o f 
t h e BCh l and a n i n c r e a s e d a b s o r p t i o n i s f o u n d a r o u n d 660 nm ( i n t h e a n i o n 
band o f t h e t e t r a p y r o l s ) . These o b s e r v a t i o n s i n d i c a t e , t h a t i n t e r m e d i a t e 
I ^ ( i n mode l B) c o n t a i n s an e l e c t r o n i c a l l y e x c i t e d s p e c i a l p a i r . The 
s p e c t r a l d i f f e r e n c e b e t w e e n 1^ and I ^ may be e x p l a i n e d b y an e x c i t e d s t a t e 
r e l a x a t i o n p r o c e s s o r by a m i x i n g o f P* w i t h a c h a r g e - t r a n s f e r s t a t e 
P + B . A c c o r d i n g t o mode l Β t h e b a c t e r i o p h e o p h y t i n Η w o u l d be t h e p r i m a r y 
A A 
e l e c t r o n a c c e p t o r . 
Q u i t e d i f f e r e n t i s t h e s i t u a t i o n i n mode l A whe re t h e 3 . 5 ps d e c a y p r e ­
cedes t h e 0 . 9 ps ( 0 . 6 5 p s ) p r o c e s s . F i g . 2 e , 2 f show t h e d i f f e r e n c e s p e c ­
t r a o f i n t e r m e d i a t e I ^ f o r mode l A. The s a l i e n t f e a t u r e s a r e : ( i ) d i s ­
a p p e a r a n c e o f t h e a b s o r p t i o n o f t h e s p e c i a l p a i r Ρ , ( i i ) a b s o r p t i o n c h a n ­
ges c h a r a c t e r i s t i c f o r P + , ( i i i ) s t r o n g a b s o r p t i o n d e c r e a s e i n t h e Q^ band 
o f t h e m o n o m e r i c b a c t e r i o c h l o r o p h y l l s ( a t 800 nm f o r Rb. s p h a e r o i d e s , a t 
820 nm f o r Rps . v i r i d i s ) , ( i v ) p r o n o u n c e d a b s o r p t i o n i n c r e a s e a r o u n d 
660 nm i n t h e BChl and BPh a n i o n b a n d s , ( v ) F u r t h e r m o r e t r a n s i e n t d i -
c h r o i s m e x p e r i m e n t s f o r Rb. s p h a e r o i d e s i n d i c a t e t h a t t h e t r a n s i t i o n 
moment o f t h e 660 nm band o f I ^ i s p a r a l l e l t o t h e d i r e c t i o n e x p e c t e d f o r 
t h e BCh l a n i o n Β / 6 / . I t i s r e m a r k a b l e t h a t a l l f i v e p o i n t s s u p p o r t t h e 
a s s i g n m e n t o f b e i n g t h e r a d i c a l p a i r P + B A - Thus t h e monomer i c b a c t e r i o -
c h l o r o p h y l l B^ s h o u l d be t h e p r i m a r y e l e c t r o n a c c e p t o r . 
I n c o n c l u s i o n : We have shown t h a t t h e p r i m a r y e l e c t r o n t r a n s f e r i n t h e 
b a c t e r i a l r e a c t i o n c e n t e r s f r o m Rb. s p h a e r o i d e s and Rps . v i r i d i s p r o c e e d s 
a c c o r d i n g t o a common r e a c t i o n scheme, whe re a s u b p i c o s e c o n d r e a c t i o n i s 
i n v o l v e d . We d i s c u s s e d two l i n e a r r e a c t i o n m o d e l s . So f a r t h e e x p e r i m e n t s 
c a n n o t d e c i d e c o n c l u s i v e l y b e t w e e n t h e t w o . Mode l Β l e a d s t o an a d d i t i o n a l 
e x c i t e d e l e c t r o n i c s t a t e ( I ) o f w h i c h t h e f u n c t i o n a l r e l e v a n c e i s u n ­
known . On t h e o t h e r hand t h e s t r u c t u r a l a r r a n g e m e n t o f t h e c h r o m o p h o r s i n 
t h e R C ' s and a l l t h e s p e c t r a l f e a t u r e s ( i ) t o ( v ) o f i n t e r m e d i a t e I i n 
mode l A f a v o u r t h e r a d i c a l p a i r Ρ B t as a r e a l t r a n s i e n t i n t h e e l e c t r o n 
A 
t r a n s f e r p r o c e s s . A c c o r d i n g t o t h i s mode l t h e e l e c t r o n t r a n s f e r p r o c e e d e s 
as f o l l o w s : From t h e e x c i t e d e l e c t r o n i c s t a t e o f t h e s p e c i a l p a i r P* an 
e l e c t r o n moves t o t h e monomer i c b a c t e r i o c h l o r o p h y l l Β w i t h i n 3 . 5 ps f o r -
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m i n g t h e r a d i c a l p a i r s t a t e P + B , w h i c h d e c a y s more r a p i d l y w i t h 0 . 9 
A + _ 
( 0 . 6 5 p s ) t o t h e r a d i c a l p a i r s t a t e Ρ Η . 
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